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(57)Abstract: 

PROBLEM TO BE SOLVED: To smooth the temperature distribution in a 
catalyst bed by controlling the temperature rise at the catalyst bed inlet 
side and the temperature fall at the outlet side in an autothermal 
reforming method (ATR). 

SOLUTION: When the cross section area and length of the catalyst bed 
in which a reforming material, an oxygen containing gas and steam are 
fed are denoted respectively as S (cm2) and L (cm) in the ATR method 
to produce a hydrogen-containing reformed gas, L/S=2-30 (cm-1 ) at 
0.25<C/H<0.40, L/S=1-20 (cm-1) at 0.40<C/H<0.42, L/S=0.5H5 (cm-1) 
at 0.42<C/H<0.47 and L/S=0.5-10 (cm-1) at 0.47<C/H<0.58. C/H 
exhibits the atom ratio of carbon to hydrogen in the reforming material 
L/S is optimized and variable in the ATR apparatus. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]In an autothermal reforming method of manufacturing oxidation reaction and reformed gas which carries 
out a steam reforming reaction and contains hydrogen by a catalyst bed for a reforming raw material, oxygen 
containing gas, and a steam, When a cross-section area and length of a catalyst bed to which a reforming raw 
material, oxygen containing gas, and a steam are supplied are set to S (cm 2 ) and L (cm), respectively and an 
atomic ratio of carbon of this reforming raw material and hydrogen is made into C/H, C/H exceeds 0.25 and to a 
case of 0.40 or less last shipment=2-30 (cm -1 ), C/H exceeds 0.40 and to a case of 0.42 or less last shipment=1~ 
20 (cm -1 ), An autothermal reforming method by which C/H s exceeding 0.42, and last shipment=0.5-1 5 (cm -1 ) 
and C/H exceeding 0.47 to a case of 0.47 or less, and being referred to as last shipment=0.5 - 10 (cm -1 ) at a 
case of 0.58 or less. 

[Claim 2]ln an autothermal reforming method of manufacturing oxidation reaction and reformed gas which carries 
out a steam reforming reaction and contains hydrogen by a catalyst bed for a reforming raw material, oxygen 
containing gas, and a steam, When a cross-section area and length of a catalyst bed to which a reforming raw 
material, oxygen containing gas, and a steam are supplied are set to S (cm 2 ) and L (cm), respectively, When [ at 
least / a kind of ] this reforming raw material is chosen from methanol, ethanol, and wood ether. Are referred to 
as last shipment=0.5 - 10 (cm" 1 ), and when this reforming raw material is town gas, Are referred to as last 
shipment=2 - 30 (cm -1 ), and when this reforming raw material is LPG, An autothermal reforming method which 
sets to last shipment=1 - 20 (cm -1 ), sets to last shipment=0.5 - 15 (cm"" 1 ) when this reforming raw material is 
gasoline, and is characterized by being referred to as last shipment=0.5 - 10 (cm*** 1 ) when this reforming raw 
material is kerosene. 

[Claim 3]In an autothermal reforming device provided with a catalyst bed for obtaining oxidation reaction and 
reformed gas which carries out a steam reforming reaction and contains hydrogen for a reforming raw material, 
oxygen containing gas, and a steam, An autothermal reforming device a reforming raw material's being gasoline, 
and being last shipment=0.5-1 5 (cm" 1 ) when a cross-section area and length of a catalyst bed to which this 
reforming raw material, oxygen containing gas, and a steam are supplied are set to S (cm 2 ) and L (cm), 
respectively. 

[Claim 4]In an autothermal reforming device provided with a catalyst bed for obtaining oxidation reaction and 
reformed gas which carries out a steam reforming reaction and contains hydrogen for a reforming raw material, 
oxygen containing gas, and a steam, An autothermal reforming device a reforming raw material's being kerosene, 
and being last shipment=0.5-10 (cm" 1 ) when a cross-section area and length of a catalyst bed to which this 
reforming raw material, oxygen containing gas, and a steam are supplied are set to S (cm 2 ) and L (cm), 
respectively. 

[Claim 5]In an autothermal reforming device provided with a catalyst bed for obtaining oxidation reaction and 
reformed gas which carries out a steam reforming reaction and contains hydrogen for a reforming raw material, 
oxygen containing gas, and a steam, An autothermal reforming device having in parallel two or more coils 
provided with a catalyst bed, respectively, and having a gas cutoff means which can intercept supply of a 
reforming raw material to each coil, oxygen containing gas, and a steam. 

[Claim 6]In an autothermal reforming device provided with a catalyst bed for obtaining oxidation reaction and 
reformed gas which carries out a steam reforming reaction and contains hydrogen for a reforming raw material, 
oxygen containing gas, and a steam, An autothermal reforming device having a honeycomb type catalyst and 
having a gas cutoff means which can intercept supply of a reforming raw material to each channel of this 
honeycomb type catalyst, oxygen containing gas, and a steam. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the autothermal reforming reformer which changes hydrocarbon 
into the mixed gas which contains carbon monoxide and hydrogen by an autothermal reforming reaction. 
[0002] 

[Description of the Prior Art]As art which reforms reforming raw materials, such as hydrocarbon, and is 
converted into synthesis gas or hydrogen, variegated methods, such as steam reforming (SR), autothermal 
reforming (ATR), and partial oxidation (POX), are developed. 

[0003]Among these, although much art is already put in practical use, since SR is a reaction accompanied by a 
comparatively big endothermic, it is inferior in respect of the load of distribution systems of heat, such as a heat 
exchanger, being large, and starting taking time etc. 

[0004]On the other hand, although warm-up time is dramatically short to SR and reverse, since generation of 
heat of POX accompanying oxidation is large, the control is difficult for it, and it has SUBJECT, such as 
generation control of soot. 

[0005]ATR to these Reforming raw materials, such as hydrocarbon, and oxygen containing gas, such as air, 
supplying a steam to the reformer provided with the catalyst bed, and oxidizing in some raw materials, it is the 
art of balancing reaction fever by advancing SR with the heat generated at this time, and since rise time is also 
short and comparatively easy to control, it is especially observed as a hydrogen production method for fuel cells 
in recent years. 
[0006] 

[Problem(s) to be Solved by the Invention]Compared with a reforming reaction, reaction velocity of oxidation 
reaction is quick. For this reason, in ATR, near [, such as near the entrance of a reformer, ] the portion where 
oxygen containing gas is supplied to a catalyst bed become an elevated temperature, and what is called a hot 
spot occurs. According to this elevated temperature, degradation of a catalyst will need to become quick, or in 
order to bear an elevated temperature, it will be necessary to use expensive material for a coil. Since it becomes 
have ended substantially and dominant in the reformer outlet side of a catalyst bed SR reacting oxidation 
reaction on the other hand, Temperature falls, the raw material slip discharged while the raw material has been 
unreacted occurs, a by-product discharges, or the comparatively low (methane concentration is comparatively 
high) reformed gas of chemical equilibrium waterworks matter concentration generates. 

[0007]The purpose of this invention is to control the rise in heat in the oxygen containing gas supply side of a 
catalyst bed, and the temperature fall in an outlet side, and to make temperature distribution in a catalyst bed 
loose in ATR. By this, catalyst de-activation is suppressed and generating of a raw material slip and discharge of 
a by-product are suppressed, and while making it possible to use a comparatively cheap material for a coil, it 
makes it possible to obtain reformed gas with high hydrogen concentration. 
[0008] 

[Means for Solving the Problem]In an autothermal reforming method of manufacturing oxidation reaction and 
reformed gas which carries out a steam reforming reaction and contains hydrogen by a catalyst bed for a 
reforming raw material, oxygen containing gas, and a steam by this invention, When a cross-section area and 
length of a catalyst bed to which a reforming raw materia!, oxygen containing gas, and a steam are supplied are 
set to S (cm 2 ) and L (cm), respectively and an atomic ratio of carbon of this reforming raw material and 
hydrogen is made into C/H, C/H exceeds 0.25 and to a case of 0.40 or less last shipment=2-30 (cm -1 ), C/H 
exceeds 0.40 and to a case of 0.42 or less last shipment=1-20 (cm" 1 ), An autothermal reforming method by 
which C/H's exceeding 0.42, and last shipment=0.5-15 (cm" 1 ) and C/H exceeding 0.47 to a case of 0.47 or less, 
and being referred to as last shipment=0.5 - 10 (cm" 1 ) at a case of 0.58 or less is provided. 
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[0009]In an autothermal reforming method of manufacturing oxidation reaction and reformed gas which carries 
out a steam reforming reaction and contains hydrogen by a catalyst bed for a reforming raw material, oxygen 
containing gas, and a steam by this invention, When a cross-section area and length of a catalyst bed to which a 
reforming raw material, oxygen containing gas, and a steam are supplied are set to S (cm 2 ) and L (cm), 
respectively, When [ at least / a kind of] this reforming raw material is chosen from methanol, ethanol, and wood 
ether, Are referred to as last shipment=0.5 - 10 (cm"" 1 ), and when this reforming raw material is town gas, Are 
referred to as last shipments - 30 (cm"" 1 ), and when this reforming raw material is LPG, It is referred to as last 
shipment=1 - 20 (cm*" 1 ), when this reforming raw material is gasoline, it is referred to as last shipment=0.5 - 15 
(cm" 1 ), and when this reforming raw material is kerosene, an autothermal reforming method by which being 
referred to as last shipment=0.5 - 10 (cm"" 1 ) is also provided. 

[0010]In an autothermal reforming device provided with a catalyst bed for obtaining oxidation reaction and 
reformed gas which carries out a steam reforming reaction and contains hydrogen for a reforming raw material, 
oxygen containing gas, and a steam by this invention, When a cross-section area and length of a catalyst bed to 
which a reforming raw material is gasoline and this reforming raw material, oxygen containing gas, and a steam 
are supplied are set to S (cm 2 ) and L (cm), respectively. An autothermal reforming device being last 
shipment=0.5-15 (cm**" 1 ) is provided. 

[0011]In an autothermal reforming device provided with a catalyst bed for obtaining oxidation reaction and 
reformed gas which carries out a steam reforming reaction and contains hydrogen for a reforming raw material, 
oxygen containing gas, and a steam by this invention, When a cross-section area and length of a catalyst bed to 
which a reforming raw material is kerosene and this reforming raw material, oxygen containing gas, and a steam 
are supplied are set to S (cm 2 ) and L (cm), respectively, An autothermal reforming device being last 
shipment=0.5-10 (cm -1 ) is also provided. 

[0012]In an autothermal reforming device furthermore provided with a catalyst bed for obtaining oxidation 
reaction and reformed gas which carries out a steam reforming reaction and contains hydrogen for a reforming 
raw material, oxygen containing gas, and a steam by this invention, It has in parallel two or more coils provided 
with a catalyst bed, respectively, and an autothermal reforming device provided with a gas cutoff means which 
can intercept supply of a reforming raw material to each coil, oxygen containing gas, and a steam is provided. 
[0013]In an autothermal reforming device provided with a catalyst bed for obtaining oxidation reaction and 
reformed gas which carries out a steam reforming reaction and contains hydrogen for a reforming raw material, 
oxygen containing gas, and a steam by this invention, It has a honeycomb type catalyst and an autothermal 
reforming device provided with a gas cutoff means which can intercept supply of a reforming raw material to 
each channel of this honeycomb type catalyst, oxygen containing gas, and a steam is also provided. 
[0014] 

[Embodiment of the Invention]As a reforming raw material, including the compound which has carbon and 
hydrogen in a molecule, if the oxidation reaction by oxygen containing gas and the steam reforming reaction by a 
steam can be caused, it can be used. For example, hydrocarbon, alcohols, and ether can be used and methanol, 
ethanol, wood ether, town gas, LPG (liquefied petroleum gas), gasoline, kerosene, etc. can be mentioned as a 
desirable example which can be cheaply obtained to industrial use or a noncommercial use. 

[0015]Since sulfur in a reforming raw material has the operation which makes a reforming catalyst inactivate, it 
is desirable that it is low concentration if possible, and it makes it more desirable below 20 mass ppm below 50 
mass ppm preferably. For this reason, if required, a raw material can be desulfurized beforehand. It can be used if 
it is a raw material of the sulfur concentration of the grade which restriction in particular does not have in the 
sulfur concentration in the raw material with which a desulfurization process is presented, and can be converted 
into the above-mentioned sulfur concentration in a desulfurization process. 

[0016]Although there is no restriction in particular also in the method of desulfurization, the method of making a 
zinc oxide etc. absorbing hydrogen sulfide which generated by performing suitable catalyst and hydrogen's 
existence sewage matter-ized desulfurization can be raised as an example. In this case, the catalyst which uses 
nickel molybdenum, cobalt molybdenum, etc. as an ingredient as an example of the catalyst which can be used 
can be mentioned. On the other hand, if it is bottom necessity of existence of a suitable sorbing agent, the 
method of making the bottom sulfur content of coexistence of hydrogen sorbed is also employable. In this case, 
the sorbing agent etc. which use as the main ingredients the sorbing agent or nickel zinc which uses as the main 
ingredients copper-zinc as shown in the patent No. 2654515 gazette, the patent No. 2688749 gazette, etc. as a 
sorbing agent which can be used can be illustrated. 

[0017]There is no restriction in particular also in the practice of a desulfurization process, it may carry out 
http://www4.ipdl.inpit.gojp/c^ 2010/04/23 
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according to the desulfurization process installed just before the autothermal reforming device concerning this 
invention, and the raw material which processed in the independent desulfurization process may be used. 
[0018]Oxygen, air, and oxygen enriched air can be mentioned as oxygen containing gas. These may contain other 
gas, such as a steam, carbon dioxide, carbon monoxide, argon, and nitrogen. 

[0019]although the method of supplying oxygen containing gas to a catalyst bed does not have restriction in 
particular — a reaction vessel — a reforming raw material — simultaneously, it may introduce — it may carry 
out and oxygen containing gas and a reforming raw material may be supplied from the separate position of a 
reaction vessel, or oxygen containing gas may be boiled several times, may be divided, and a part may be 
introduced every. 

[0020]the ratio (oxygen/carbon ratio.) of the number of oxygen molecule mols supplied to the catalyst bed to the 
number of carbon atom mols contained in the reforming raw material in which the amount of supply of oxygen 
containing gas is supplied to a catalyst bed as 0 2 /C — desirable — 0.05-1 — more — desirable — 0.1 to 0.75 
— it is 0.2-0.6 still more preferably. When oxygen/carbon ratio is smaller than a mentioned range, since there is 
little generation of heat, it is disadvantageous at the point of a lot of heat supplies being needed from the 
outside, and approaching with SR the situation which does not change substantially. It is disadvantageous at the 
point that are hard to maintain heat balance on the other hand since generation of heat becomes large when 
oxygen/carbon ratio is larger than a mentioned range, and hydrogen and carbon monoxide burn by oxygen, it is 
consumed, and a denaturation gas yield decreases. 

[0021]the ratio (steam/carbon ratio.) of the number of water molecule mols supplied to the catalyst bed to the 
number of carbon atom mols contained in the reforming raw material in which the quantity of the steam 
introduced into a catalyst bed is supplied to a catalyst bed being specified as S/C — this value — desirable — 
0.3-10 — more — desirable — 0.5-5 — it is referred to as 1-3 still more preferably. When this value is smaller 
than a mentioned range, the tendency for Cork to deposit easily is on a catalyst, It is disadvantageous at the 
point that there is a tendency for the rate of hydrogen content obtained to fall, and when large on the other 
hand, although a reforming reaction progresses, it is disadvantageous at the point that there is a possibility of 
causing hypertrophy of steam generating equipment and steam recovery equipment. 

[0022]although there is no restriction in particular, it may carry out, and it may resemble a reaction vessel 
several times, and the method of supplying steam to a catalyst bed may be divided into it from a reforming raw 
material, simultaneously the separate position of a reaction vessel which may be introduced, and may be 
introduced every in part. 

[0023]The space velocity of the gas containing the reforming raw material, the oxygen containing gas, and the 
steam which are supplied to a catalyst bed, desirable — GHSV (15 **, 1 -atmosphere (0.101MPa) conversion) — 
the range of 500-1 .OOO.OOOh" 1 — more — desirable — the range of 1,000-800,000h _l — in the range of 1,500- 
500,000h~ 1 , it is set up suitably still more preferably. 

[0024]It can be used if it has what can be used as an object for autothermal reforming, i.e., oxidation activity and 
steam-reforming activity, as a catalyst used for a catalyst bed. For example, JP,2000-84410,A, JP,2001- 
80907.A, "2000 Annual Progress Reports (Office of Transportation Technologies)", It is known that the precious 
metals, such as nickel and platinum, rhodium, and a ruthenium, etc. have these activity so that it may be 
indicated in a U.S. Pat. No. 5,929,286 item gazette etc. As catalyst shape, a pellet type, honeycomb shape, and 
other conventionally publicly known shape are employable suitably. 

[0025]As for the temperature of a catalyst bed, it is. preferred that it is within the limits of 200-1000 **, it is 
more preferred that it is in within the limits which is 300-900 **, and it is still more preferred that it is in within 
the limits which is 500-800 **. 

[0026]a!though the pressure in particular of an autothermal reforming reaction is not limited — desirable — 
atmospheric pressure - 20MPa — more — desirable — atmospheric pressure - it carries out in the range of 
atmospheric pressure - 1MPa still more preferably 5 MPa. 

[0027]By changing the ratio of the cross-section area S of a catalyst bed to length L to which a reforming raw 
material, oxygen containing gas, and a steam are supplied by the description of a reforming raw material, etc. in 
this invention, and making generation of heat by the combustion reaction of a reforming raw materia!, and the 
endothermic by a reforming reaction balance, Temperature distribution in a catalyst bed can be made loose. 
[0028]For example, when the cross-section area and length of the catalyst bed to which a reforming raw 
material, oxygen containing gas, and a steam are supplied are set to S (cm 2 ) and L (cm), respectively and the 
atomic ratio of carbon of this reforming raw material and hydrogen is made into C/H, C/H exceeds 0.25 and to 
the case of 0.40 or less last shipment=2-30 (cm" 1 ), C/H exceeds 0.40 and to the case of 0.42 or less last 
shipment=1-20 (cm" 1 ), C/H can exceed 0.42, last shipment=0.5-1 5 (cm"" 1 ) and C/H can exceed 0.47 to the case 
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of 0.47 or less, and it can be referred to as last shipment=0.5 - 10 (cm ) at the case of 0.58 or less. 
[0029]This can use last shipment properly according to it paying attention to reaction velocity, especially the 
rate of combustion differing from refining speed by C/H of a reforming raw material, and can make temperature 
distribution in a catalyst bed loose by this. C/H is measured by ASTM D5291-96. 

[0030]When [ at least / a kind of] this reforming raw material is chosen according to the kind of fuel from 
methanol, ethanol, and wood ether for example, Are referred to as last shipment=0.5 - 10 (crrT 1 ), and when this 
reforming raw material is town gas, Are referred to as last shipments - 30 (cm -1 ), and when this reforming raw 
material is LPG T It is referred to as last shipments - 20 (cm" 1 ), when this reforming raw material is gasoline, it 
j s re f erre d to as last shipment=0.5 - 15 (cm -1 ), and it can be referred to as last shipment=0.5 - 10 (cm" 1 ) when 
this reforming raw material is kerosene. This can use last shipment properly according to it paying attention to 
reaction velocity, especially the rate of combustion differing from refining speed according to the kind of fuel, 
and can make temperature distribution in a catalyst bed loose by this. 

[0031]moreover — in an autothermal reforming device in case a reforming raw material is gasoline — last 
shipment — desirable — 0.5-15 (cm" 1 ) — it is more preferably referred to as 0.5-10 (cm" 1 ), moreover — in an 
autothermal reforming device in case a reforming raw material is kerosene — last shipment — desirable 0.5- 
10 (cm -1 ) — it is more preferably referred to as 0.5-8 (cm" 1 ). When each reforming raw material is used by 
considering it as each range, the rise in heat of a catalyst bed entrance and the temperature fall of an exit can 
be controlled, and temperature distribution of a catalyst bed can be made loose. 

[0032]In autothermal reforming, a raw material serves as a combustion reaction and a competing reaction of a 
steam reforming reaction. The ratio of these two reaction velocity can be changed with gas linear velocity, can 
make the speed of the combustion reaction which is generation of heat, and the steam reforming reaction which 
is endothermics able to balance, and can make temperature distribution of the whole catalyst bed quiet. Space- 
velocity GHSV of the gas containing the reforming raw material, the oxygen containing gas, and the steam which 
are supplied to a catalyst bed (15 **) 1 -atmosphere (0.101MPa) conversion preferably The range of 500- 
1,000,000h _l , Preferably [ it is more desirable and ] in [ the range of 1 ,000~800,000h~ 1 , and a pan ] the range of 
1,50O-5O0,0OOh H , length [ of a catalyst bed ] L (cm), and a ratio with the cross-section area S (cm 2 ) — balance 
of the two above-mentioned reactions can be made desirable by having embraced the description of fuel, and a 

kind in last shipment (cm" 1 ). 

[0033]The cross-section area S of a catalyst bed in the case of having the cylindrical catalyst bed 12 in the 
reaction vessel 11 of an autothermal reforming device and length L are shown in drawing 1 . Catalyst bed shape 
is not restricted cylindrical. A section or length is against a gas flow direction. Drawing 1 shows the case where 
a reforming raw material, oxygen containing gas, and a steam are supplied to the whole catalyst bed. Although 
mentioned later, these gases may not be supplied to a part of catalyst bed, and the cross-section area S in that 
case means the cross-section area of only the portion to which gas is supplied. 

[0034]One gestalt of the autothermal reforming device of this invention is shown in drawing 2 . This reformer has 
two or more coils 21, and these are connected in parallel to the flow of a raw material, oxygen containing gas, 
and a steam. The coil 21 is provided with an unillustrated catalyst bed, respectively. The stop valve 23 is formed 
in the channel which supplies a raw material, oxygen containing gas. and a steam to each coil as a gas cutoff 
means. It is necessary to not necessarily provide a channel cutoff means in no channels. 

[0035]Here, the case where the catalyst bed of each coil is the same size is considered, and S' and the length of 
each catalyst bed are set [ the number of a coil ] to L for N and the cross-section area of each catalyst bed. In 
accordance with the kind and description of a reforming raw material, by changing opening and closing of the 
stop valve 23, gas, such as a reforming raw material, can be supplied to a coil, or the supply can be suspended to 
it, and the number (n) of the coil to be used can be changed into it. Therefore, the cross-section area of the 
catalyst bed to which a reforming raw material, oxygen containing gas, and a steam are supplied can be set to 
S=S'xn, and can change last shipment. 

[0036]Other gestalten of an autothermal reforming device are shown in drawing 3. A catalyst bed has the 
honeycomb type catalyst 32. A honeycomb type catalyst is the gestalt in which the channels (drawing 3 shows 
the section as a rectangle) which became independent, respectively gathered in parallel to the gas stream. 
Independence means here that there is no circulation of the gas between channels into each channel. The 
working slit 33 is a gas cutoff means which can intercept supply of the reforming raw material to each channel, 
oxygen containing gas, and a steam, and is arranged at the position which can take up the entrance end face of 
a catalyst bed. By moving a working slit to a cross sectioned direction, the entrance of each channel of a 
honeycomb type catalyst can be opened and closed, gas can be supplied to each channel by this, or the supply 
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can be suspended, and the number of the channel used can be changed. Therefore, the cross-section area of 
the catalyst bed to which a reforming raw material, oxygen containing gas, and a steam are supplied can be 
changed like the case of drawing 2 , and last shipment can be changed. 

[0037]Although the working slit of the gestalt by which one board can move to the cross sectioned direction of a 
catalyst bed in drawing 3 is shown, A band-like board can be arranged in the end of two or more honeycomb 
type catalysts, gas can be passed by making the angle of the board to the flow of gas parallel, and it can also be 
considered as the cutoff means of the flap type which intercepts gas by supposing that it is vertical. 
[0038jAs shown in drawing 2 or drawing 3, according to the kind and description of a raw material, last shipment 
can be adjusted by changing use/non-use of a part of catalyst bed. Even if the description of a raw material 
does not change, when long term use of the catalyst is carried out, and the activity changes, it may change the 
temperature distribution of a catalyst bed. Also in this case, by changing last shipment, the temperature 
distribution of a catalyst bed can be adjusted in the desirable direction. 

[0039]The autothermal reforming method and device of this invention can be used in various fields for 
manufacturing hydrogen containing gas, for example, can be applied to fuel refining for fuel cells. 
[0040] 

[Example] [Example]A cylindrical shape coil 4 cm in inside diameter (diameter) was filled up with 120 ml of 
spheroidal catalysts with a mean particle diameter [ phi ] of 1 mm. The length of 12.5cm and a catalyst bed of 
the cross-section area of the catalyst bed at that time was 9.6 cm and last shipment=0.76 (cm" 1 ). Thermal 
insulation was fully provided around this coil, and it was kept warm to it. 

[0041]Next, it mixed to the steam and air which were made to evaporate separately after supplying the 720 ml/h 
vaporizer by having used as the fluid the kerosene which desulfurized sulfur content below into 1 mass ppm and 
making it evaporate at 300 **, and the coil was supplied after preheating at 400 **. It was made for the atomic 
ratio of oxygen in the air and carbon in kerosene to be set to O 2 /C-0.4 as for air supply. It was made for the 

amount of supply of a steam to be set to S/C=2. C/H of raw material kerosene was 0.52. GHSV was about 

I S.OOOh"" 1 in 15 ** and 1 -atmosphere (0.101MPa) conversion as a space velocity to the mixed gas of kerosene, a 

steam, and air. 

[0042]The catalyst bed temperature distribution at this time is shown in d rawing 4 , The maximum temperature 
was 720 ** in about 4-cm portion from the entrance. The minimum temperature was 660 ** in the outlet part. 
[0043]The manufactured reformed gas was the following presentation (dry basis). 

H2 ; 39.9 volume %CO ; 2; 8.3 volume %C014.1 volume %CH4; A part for 0.9 volume % undecomposed kerosene; 
less than 1 volume ppm [Comparative example] A cylindrical shape coil 2 cm in inside diameter (diameter) was 
filled up with 120 ml of spheroidal catalysts with a mean particle diameter [ phi ] of 1 mm. The length of 3.1cm 2 
and a catalyst bed of the cross-section area of the catalyst bed at that time was 39.0 cm and last 
shipments 2.2 (cm" 1 ). Thermal insulation was fully provided around this coil, and it was kept warm to it. 
[0044]Next, it mixed to the steam and air which were made to evaporate separately after supplying the 720 ml/h 
vaporizer by having used kerosene as the fluid and making it evaporate at 300 **, and the coil was supplied after 
preheating at 400 **. It was made for the atomic ratio of oxygen in the air and carbon in kerosene to be set to 
O 2 /C=0.4 as for air supply. It was made for the amount of supply of a steam to be set to S/C=2. C/H of raw 

material kerosene was 0.52. GHSV was about 16,000h~ 1 in 15 ** and 1 -atmosphere (0.101 MPa) conversion as a 
space velocity to the mixed gas of kerosene, a steam, and air. 

[0045]1050 ** and the minimum temperature were 390 ** in the outlet part in the portion into which, as for the 
temperature distribution of the catalyst bed, the maximum temperature went about 3 cm from the entrance. 
[0046]The manufactured reformed gas was the following presentation (dry basis). 

H2 ; 34.7 volume %CO ; 2; 4.5 volume %C015.7 volume %CH4; A part for 4.1 volume % undecomposed kerosene; 

the catalyst bed temperature distribution at the time of 3100 volume ppm ** is shown in drawin g 4. 

[0047] 

[Effect of the Invention]By this invention, oxidation reaction and a reforming reaction are made to balance, 
generating of the catalyst bed hot spot near the reactor entrance is suppressed, and temperature which an exit 
applies from the entrance of a reactor can be made comparatively uniform, thereby — control of catalyst de- 
activation, control of a raw material slip, and control of by-product discharge — more — hydrogen — the 
autothermal reforming method and device whose generation of rich gas, improvement in reforming efficiency, and 
reactor composition by cheap construction material are attained were provided. 
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